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Abstract 
The paper considers certain problems of plates and shells analysis allowing to seek solutions obtained in terms of special functions. 
Orthotropic and isotropic plates and shells are under study. The solutions are received in terms of hyper-geometric and confluent 
hyper-geometric functions, Legendre and Bessel functions, orthogonal polynomials. 
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1. Introduction 
A large number of diverse problems, concerning practically all the most important areas of mathematical physics 
and various technical problems, is connected with application of special functions.  
Different parts of Bessel functions theory are widely used when solving problems of statics and dynamics [1]. In 
[2] were discussed some problems of isotropic plates and shells of variable thickness. The solutions were obtained in 
terms of hyper-geometric and confluent hyper-geometric functions. The book [3] devoted to static problems of 
orthotropic and isotropic plates of variable thickness. The solutions are given in terms of various special functions 
among them are Legendre functions and orthogonal polynomials. 
The present paper contains some new solutions of similar problems of structural mechanics. 
2. Flexural vibration of a circular orthotropic plate 
The problem of flexural vibration of a circular orthotropic plate with 
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1m t ,  (1) 
nodal diameters is under consideration. The differential equation of the deflection surface of the plate has the following 
form 
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where the parameters 
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J is the specific gravity, gJ is the unit mass;  2 20 2 .rc n G ETV   
 
For example, let us consider flexural oscillation of a circular orthotropic plate with one nodal diameter. In this case 
the resolving equation has the following form 
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In order to integrate the homogeneous equation corresponding to (5) we take the particular solution as 
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where 1sp - circular frequency of vibration, 
/ /
1 1 1 1, , ,s s s sA A B B - constants determining from initial conditions. 
Substituting (6) into (5), we obtain:  
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Let us below present the following equation: 
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where 
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whose solution was given by Nielsen as: 
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where , , ,J Y I KP P P P  are Bessel functions. 
 
From comparison of equations (7) and (9) it is seen that they are of the similar form if either 
 2 2 2 0a cP    (11) 
or 
 2 2 2 24 4 0.a ac c cP      (12) 
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3. Temperature fields in circular plates of variable thickness 
The problem of stationary symmetric and non-symmetric temperature fields determination in circular plates with 
radially varying thickness is under examination. The plates under study have identical heat transfer conditions on 
boundary surfaces. 
For example, let us consider the symmetric problem of heat conductivity. The appropriate differential equation is   
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where h = h (r) is the plate's thickness, T is the temperature of the plate, c- is the environment temperature, D is the 
coefficient of heat transfer, Ois the coefficient of plate's material thermal conductivity. 
 
We choose the general solution of the equation (15) in the form: 
*
cT T T    (16) 
where T is the general solution of the homogeneous equation corresponding to (15)  and Tc is its particular solution.  Let us use the dimensionless variable 
0
,rx
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where r0 is the constant. 
 
Substituting (17) into equation (15), we obtain: 
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Further, comparing the coefficients of the homogeneous equation corresponding to (18) to coefficients of the hyper-
geometric equation 
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where a, b, c are the hyper-geometric functions parameters and introducing the notation 
2
02 ,rDJ
O
   (20) 
we obtain that when the plate's thickness varies along its radius according to law 
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where h9 is the constant and the relations between the parameters are 
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Assuming that J < 1, then the solutions of homogeneous equation have the form 
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where F,) are hyper-geometric functions of the second order of the first and the second kind, respectively.  
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In the similar way we can obtain solutions for non-symmetrical problems and for cases of alternate plate's thickness 
variation. 
4. Analysis of shells 
The solution of anti-symmetric problem of a conic shell with linear varying thickness is represented in terms of 
hyper-geometrical functions:  
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The solutions of the symmetric strain problem of a spherical shell are also represented in terms of hyper-geometric 
functions. 
5. Circular disks of variable thickness 
The solutions of symmetric and anti-symmetric problems of isotropic and orthotropic circular disks of variable 
thickness are represented in terms of Legendre functions and orthogonal polynomials. 
For example let us show the solution of symmetric problem of circular disk with the thickness 
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The mentioned solution has the form 
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where ( )P xX  and QX  are the Legendre functions correspondingly of the first and the second kind. 
 
6. Conclusions 
 
So some solutions of structural mechanics received in terms of special functions were given above. 
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